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ABSTRACT 

Systems and methods of use involving sensors having a 
signal-to-noise ratio that is substantially una?cected by non 
constant noise are provided for continuous analyte measure 
ment in a host. In some embodiments, a continuous analyte 
measurement system is con?gured to be Wholly, transcuta 
neously, intravascularly or extracorporeally implanted. 
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FIG. 2E 
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FIG. 5 
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ANALYTE SENSORS HAVING A 
SIGNAL-TO-NOISE RATIO SUBSTANTIALLY 
UNAFFECTED BY NON-CONSTANT NOISE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 11/675,063, ?led Feb. 14, 2007, 
Which is a continuation-in-part of US. patent application 
Ser. No. 11/503,367, ?led Aug. 10, 2006, Which is a con 
tinuation-in-part of US. application Ser. No. 11/439,630, 
?led May 23, 2006, Which is a continuation-in-part of US. 
application Ser. No. 11/077,715, ?led Mar. 10, 2005, Which 
claims the bene?t of US. Provisional Application No. 
60/587,787 ?led Jul. 13, 2004; US. Provisional Application 
No. 60/587,800 ?led Jul. 13, 2004; US. Provisional Appli 
cation No. 60/614,683 ?led Sep. 30, 2004; and US. Provi 
sional Application No. 60/614,764 ?led Sep. 30, 2004. US. 
application Ser. No. 11/439,630 claims the bene?t of US. 
Provisional Application No. 60/ 683,923 ?led May 23, 2005. 
US. patent application Ser. No. 11/675,063 is a continua 
tion-in-part of US. patent application Ser. No. 11/404,417, 
?led Apr. 14, 2006. US. patent application Ser. No. 11/675, 
063 is a continuation-in-part of US. patent application Ser. 
No. 10/896,639, ?led Jul. 21, 2004, Which claims the bene?t 
of US. Provisional Application No. 60/490,009, ?led Jul. 
25, 2003. This application is a continuation-in-part of US. 
application Ser. No. 11/404,417, ?led Apr. 14, 2006. Each of 
the aforementioned applications is incorporated by reference 
herein in its entirety, and each is hereby expressly made a 
part of this speci?cation. 

FIELD OF THE INVENTION 

[0002] The preferred embodiments relate generally to 
implantable devices, such as analyte sensors, and methods 
for detecting and/or measuring an analyte in a sample, such 
as a bodily ?uid or tissue, as Well as devices and methods for 
reducing or eliminating noise on a signal detected by the 
device. 

BACKGROUND OF THE INVENTION 

[0003] Diabetes mellitus is a disorder in Which the pan 
creas cannot create suf?cient insulin (Type I or insulin 
dependent) and/or in Which insulin is not effective (Type 2 
or non-insulin dependent). In the diabetic state, the victim 
suffers from high blood sugar, Which may cause an array of 
physiological derangements (for example, kidney failure, 
skin ulcers, or bleeding into the vitreous of the eye) asso 
ciated With the deterioration of small blood vessels. A 
hypoglycemic reaction (loW blood sugar) may be induced by 
an inadvertent overdose of insulin, or after a normal dose of 
insulin or glucose-lowering agent accompanied by extraor 
dinary exercise or insuf?cient food intake. 

[0004] Conventionally, a diabetic person carries a self 
monitoring blood glucose (SMBG) monitor, Which typically 
comprises uncomfortable ?nger pricking methods. Due to 
the lack of comfort and convenience, a diabetic Will nor 
mally only measure his or her glucose level tWo to four times 
per day. Unfortunately, these time intervals are so far spread 
apart that the diabetic Will likely ?nd out too late, sometimes 
incurring dangerous side effects, of a hyperglycemic or 
hypoglycemic condition. In fact, it is not only unlikely that 
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a diabetic Will take a timely SMBG value, but the diabetic 
Will not knoW if their blood glucose value is going up 
(higher) or doWn (loWer) based on conventional methods, 
inhibiting their ability to make educated insulin therapy 
decisions. 

SUMMARY OF THE INVENTION 

[0005] In a ?rst aspect, an electrochemical analyte sensor 
for determining a concentration of an analyte in a host, the 
sensor con?gured for insertion into a host, Wherein the 
sensor comprises at least one electrode con?gured to mea 
sure an analyte concentration substantially continuously; 
and electronics con?gured to provide a signal measured at 
the electrode; Wherein the signal comprises an analyte 
related component and a noise component, Wherein the 
noise component comprises a substantially non-constant 
non-analyte-related component; and Wherein the sensor is 
con?gured such that the substantially non-constant non 
analyte related component does not substantially contribute 
to the signal, after sensor break-in, for at least about one day. 

[0006] In an embodiment of the ?rst aspect, the analyte is 
glucose. 

[0007] In an embodiment of the ?rst aspect, the signal 
contribution due to the non-constant non-analyte-related 
component is less than about 20 % of the signal over a time 
period of at least about one day. 

[0008] In an embodiment of the ?rst aspect, the signal 
contribution due to the non-constant non-analyte-related 
component is less than about 20% of the signal over a time 
period of at least about three days. 

[0009] In an embodiment of the ?rst aspect, the signal 
contribution due to the non-constant non-analyte-related 
component is less than about 20% of the signal over a time 
period of at least about ?ve days. 

[0010] In an embodiment of the ?rst aspect, the analyte 
sensor comprises a membrane system disposed over the 
electrode. 

[0011] In an embodiment of the ?rst aspect, the membrane 
system comprises glucose oxidase. 

[0012] In an embodiment of the ?rst aspect, the membrane 
system is con?gured to inactivate at least one non-constant 
noise-causing electroactive species formed in a metabolic 
process of the host. 

[0013] In an embodiment of the ?rst aspect, the non 
constant noise-causing electroactive species comprises an 
electroactive species having a redox potential that substan 
tially overlaps With a redox potential of a measured species 
indicative of the concentration of the analyte. 

[0014] In an embodiment of the ?rst aspect, the measured 
species comprises hydrogen peroxide. 

[0015] In an embodiment of the ?rst aspect, the noise 
causing electroactive species comprises at least one species 
selected from the group consisting of reactive oxygen spe 
cies, nitrogen species, and hydrogen peroxide formed in a 
metabolic process of the host. 

[0016] In an embodiment of the ?rst aspect, the membrane 
system is con?gured to substantially block passage there 
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through of at least one non-constant noise-causing electro 
active species formed in a metabolic process of the host. 

[0017] In an embodiment of the ?rst aspect, the membrane 
system is con?gured to consume at least one non-constant 
noise-causing electroactive species formed in a metabolic 
process of the host. 

[0018] In an embodiment of the ?rst aspect, at least a 
portion of the membrane system comprises a torturous 
diffusion path con?gured to render inactive, at the electrode, 
at least one non-constant noise-causing electroactive species 
formed in a metabolic process of the host. 

[0019] In an embodiment of the ?rst aspect, the membrane 
system comprises a Heme compound. 

[0020] In an embodiment of the ?rst aspect, the membrane 
system comprises a resistance domain con?gured to restrict 
How of the analyte therethrough. 

[0021] In an embodiment of the ?rst aspect, the resistance 
domain comprises a polymer comprising hydrophilic com 
ponents and hydrophobic components. 

[0022] In an embodiment of the ?rst aspect, the sensor is 
con?gured With electronics to detect the analyte With a 
sensitivity of from about 1 pA/mg/dl to about 500-pA/mg/dl. 

[0023] In an embodiment of the ?rst aspect, the signal 
contribution due to the non-constant non-analyte-related 
component is less than about 10% of the signal over a time 
period of at least about one day. 

[0024] In an embodiment of the ?rst aspect, the signal 
contribution due to the non-constant non-analyte-related 
component is less than about 5% of the signal over a time 
period of at least about one day. 

[0025] In an embodiment of the ?rst aspect, the signal 
contribution due to the non-constant non-analyte-related 
component is less than about 1% of the signal over a time 
period of at least about one day. 

[0026] In an embodiment of the ?rst aspect, the electrode 
comprises a dispersed electroactive surface area. 

[0027] In an embodiment of the ?rst aspect, the dispersed 
electroactive surface area comprises a plurality of spaced 
electroactive surface areas. 

[0028] In an embodiment of the ?rst aspect, the sensor is 
con?gured to measure the concentration of the analyte along 
a substantial length of an in vivo portion of the sensor. 

[0029] In an embodiment of the ?rst aspect, the sensor 
comprises an in vivo portion, Wherein an area of the elec 
troactive surface covers at least about 50% the in vivo 
portion. 

[0030] In an embodiment of the ?rst aspect, the electrode 
comprises an electroactive surface, Wherein the sensor com 
prises a discontinuous portion, and Wherein the electroactive 
surface is spaced from the discontinuous portion by a 
distance substantially farther than a diffusion distance of at 
least one non-constant noise-causing electroactive species 
formed in a metabolic process of the host 

[0031] In an embodiment of the ?rst aspect, the in vivo 
portion of the sensor is tapered. 
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[0032] In an embodiment of the ?rst aspect, the analyte 
related component of the signal is at least about 80% of the 
signal over a time period of at least about one day. 

[0033] In an embodiment of the ?rst aspect, the analyte 
sensor comprises a membrane system disposed over the 
electrode and Wherein the membrane system comprises an 
outer domain comprising a discontinuously hydrophilic sur 
face. 

[0034] In an embodiment of the ?rst aspect, the outer 
domain comprises at least about 5 Wt. % of a hydrophilic 
component. 

[0035] In an embodiment of the ?rst aspect, the hydro 
philic component comprises polyethylene glycol. 

[0036] In an embodiment of the ?rst aspect, the outer 
domain comprises at least about 10 Wt. % of a hydrophilic 
component. 

[0037] In an embodiment of the ?rst aspect, the outer 
domain comprises at least about 20 Wt. % of a hydrophilic 
component. 

[0038] In an embodiment of the ?rst aspect, the outer 
domain is con?gured to control a ?ux of the analyte there 
through. 

[0039] In an embodiment of the ?rst aspect, the analyte 
sensor is con?gured to detect hydrogen peroxide via diffu 
sion to the electrode, Wherein the sensor comprises a mem 
brane system disposed over the electrode, Wherein the 
membrane system comprises an electrode domain adjacent 
to the electrode, Wherein the electrode domain is con?gured 
to maintain a layer of Water at electrochemically reactive 
surfaces of the sensor, and Wherein the electrode domain 
comprises an enZyme con?gured for detecting the analyte. 

[0040] In an embodiment of the ?rst aspect, the analyte 
sensor is con?gured for ambulatory Wear. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0041] FIG. 1 is a graph illustrating the components of a 
signal measured by a transcutaneous glucose sensor (after 
sensor break-in Was complete), implanted in a non-diabetic, 
human volunteer host. 

[0042] FIG. 2A is a perspective vieW of an in vivo portion 
of an analyte sensor, in one embodiment. 

[0043] FIG. 2B is a perspective vieW of an in vivo portion 
of an analyte sensor, in one embodiment. 

[0044] FIG. 2C is a perspective vieW of an in vivo portion 
of an analyte sensor, in one embodiment. 

[0045] FIG. 2D is a perspective vieW of an in vivo portion 
of an analyte sensor, in one embodiment. 

[0046] FIG. 2E is a cross-sectional vieW of the analyte 
sensor of FIG. 2A, taken along line 2E-2E. 

[0047] FIG. 2F is a cross-sectional vieW of a membrane 
system, in one embodiment. 

[0048] FIG. 3A is a cross-sectional vieW of a membrane 
system, in one embodiment, illustrating the diffusion dis 
tance Dl betWeen H2O2 generated Within the enZyme 
domain and the electroactive surface. 
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[0049] FIG. 3B is a cross-sectional vieW of a membrane 
system, in another embodiment, illustrating the diffusion 
distance D2 betWeen H2O2 generated Within the enZyme 
domain and the electroactive surface. 

[0050] FIG. 3C is a cross-sectional vieW of a membrane 
system, in another embodiment, illustrating the diffusion 
distance D3 betWeen H2O2 generated Within the enZyme 
domain and the electroactive surface. 

[0051] FIG. 4 is a block diagram that illustrates electronics 
associated With a sensor system, in one embodiment. 

[0052] FIG. 5 is perspective vieW of a receiver, in one 
embodiment. 

[0053] FIG. 6 is a block diagram that illustrates a con 
?guration of a medical device including a continuous ana 
lyte sensor, a receiver, and an external device, in one 
embodiment. 

[0054] FIG. 7 is a ?oW chart that illustrates the initial 
calibration and data output of sensor data, in one embodi 
ment. 

[0055] FIG. 8 is a graph illustrating the signal components 
of a total signal from an analyte sensor, in one embodiment, 
collected from a volunteer human host over a period of 7 
days. 

[0056] FIG. 9 is a graph illustrating the signal components 
of a total signal from an analyte sensor including a lubricious 
coating, in one embodiment. 

[0057] FIG. 10 is a graph illustrating the signal compo 
nents of a total signal from an analyte sensor including a 
hydrophilic surface treatment, in one embodiment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0058] The folloWing description and examples illustrate 
some exemplary embodiments of the disclosed invention in 
detail. Those of skill in the art Will recogniZe that there are 
numerous variations and modi?cations of this invention that 
are encompassed by its scope. Accordingly, the description 
of a certain exemplary embodiment should not be deemed to 
limit the scope of the preferred embodiments. 

De?nitions 

[0059] In order to facilitate an understanding of the pre 
ferred embodiments, a number of terms are de?ned beloW. 

[0060] The terms “physiological parameters” and “physi 
ological boundaries” as used herein are broad terms, and are 
to be given their ordinary and customary meaning to a 
person of ordinary skill in the art (and are not to be limited 
to a special or customiZed meaning), and refer Without 
limitation to the parameters obtained from continuous stud 
ies of physiological data in humans and/or animals. For 
example, a maximal sustained rate of change of glucose in 
humans of about 4 to 6 mg/dL/min and a maximum accel 
eration of the rate of change of about 0.1 to 0.2 mg/dL/min2 
are deemed physiologically feasible limits; values outside of 
these limits Would be considered non-physiological. As 
another example, the rate of change of glucose is loWest at 
the maxima and minima of the daily glucose range, Which 
are the areas of greatest risk in patient treatment, thus a 
physiologically feasible rate of change can be set at the 
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maxima and minima based on continuous studies of glucose 
data. As a further example, it has been observed that the best 
solution for the shape of the curve at any point along glucose 
signal data stream over a certain time period (for example, 
about 20 to 30 minutes) is a straight line, Which can be used 
to set physiological limits. These terms are broad enough to 
include physiological parameters for any analyte. 

[0061] The term “analyte” as used herein is a broad term, 
and is to be given its ordinary and customary meaning to a 
person of ordinary skill in the art (and it is not to be limited 
to a special or customiZed meaning), and refers Without 
limitation to a substance or chemical constituent in a bio 
logical ?uid (for example, blood, interstitial ?uid, cerebral 
spinal ?uid, lymph ?uid or urine) that can be analyZed. 
Analytes may include naturally occurring substances, arti 
?cial substances, metabolites, and/or reaction products. In 
some embodiments, the analyte for measurement by the 
sensor heads, devices, and methods disclosed herein is 
glucose. HoWever, other analytes are contemplated as Well, 
including but not limited to acarboxyprothrombin; acylcar 
nitine; adenine phosphoribosyl transferase; adenosine 
deaminase; albumin; alpha-fetoprotein; amino acid pro?les 
(arginine (Krebs cycle), histidine/urocanic acid, homocys 
teine, phenylalanine/tyrosine, tryptophan); andrenostenedi 
one; antipyrine; arabinitol enantiomers; arginase; ben 
Zoylecgonine (cocaine); biotinidase; biopterin; c-reactive 
protein; camitine; camosinase; CD4; ceruloplasmin; cheno 
deoxycholic acid; chloroquine; cholesterol; cholinesterase; 
conjugated l-B hydroxy-cholic acid; cortisol; creatine 
kinase; creatine kinase MM isoenZyme; cyclosporin A; 
d-penicillamine; de-ethylchloroquine; dehydroepiandroster 
one sulfate; DNA (acetylator polymorphism, alcohol dehy 
drogenase, alpha l-antitrypsin, cystic ?brosis, Duchenne/ 
Becker muscular dystrophy, analyte-6-phosphate 
dehydrogenase, hemoglobinopathies A, S, C, and E, D-Pun 
jab, beta-thalassemia, hepatitis B virus, HCMV, HIV-l, 
HTLV-l, Leber hereditary optic neuropathy, MCAD, RNA, 
PKU, Plasmodium vivax, sexual di?ferentiation, 2l-deoxy 
cortisol); desbutylhalofantrine; dihydropteridine reductase; 
diptheria/tetanus antitoxin; erythrocyte arginase; erythrocyte 
protoporphyrin; esterase D; fatty acids/acylglycines; free 
[3-human chorionic gonadotropin; free erythrocyte porphy 
rin; free thyroxine (FT4); free tri-iodothyronine (FT3); 
fumarylacetoacetase; galactose/gal-l-phosphate; galactose 
l-phosphate uridyltransferase; gentamicin; analyte-6-phos 
phate dehydrogenase; glutathione; glutathione perioxidase; 
glycocholic acid; glycosylated hemoglobin; halofantrine; 
hemoglobin variants; hexosaminidase A; human erythrocyte 
carbonic anhydrase I; 17 alpha-hydroxyprogesterone; 
hypoxanthine phosphoribosyl transferase; immunoreactive 
trypsin; lactate; lead; lipoproteins ((a), B/A-l, [3); lysoZyme; 
me?oquine; netilmicin; phenobarbitone; phenytoin; phy 
tanic/pristanic acid; progesterone; prolactin; prolidase; 
purine nucleoside phosphorylase; quinine; reverse tri-iodot 
hyronine (rT3); selenium; serum pancreatic lipase; sissomi 
cin; somatomedin C; speci?c antibodies (adenovirus, anti 
nuclear antibody, anti-Zeta antibody, arbovirus, AujesZky’s 
disease virus, dengue virus, Dracunculus medinensis, Echi 
nococcus granulosus, Enlamoeba hislolylica, enterovirus, 
Giardia duodenalisa, Helicobacler pylori, hepatitis B virus, 
herpes virus, HIV-l, IgE (atopic disease), in?uenZa virus, 
Leishmania donovani, leptospira, measles/mumps/rubella, 
Mycobaclerium leprae, Mycoplasma pneumoniae, Myoglo 
bin, Onchocerca volvulus, parain?uenZa virus, Plasmodium 
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falciparum, poliovirus, Pseudomonas aeruginosa, respira 
tory syncytial virus, rickettsia (scrub typhus), Schislosoma 
mansoni, Toxoplasma gondii, Trepenoma pallidium, Trypa 
nosoma cruzi/rangeli, vesicular stomatis virus, Wuchereria 
bancro?i, yellow fever virus); speci?c antigens (hepatitis B 
virus, HIV-l); succinylacetone; sulfadoxine; theophylline; 
thyrotropin (TSH); thyroxine (T4); thyroxine-binding 
globulin; trace elements; transferrin; UDP-galactose-4-epi 
merase; urea; uroporphyrinogen I synthase; vitaminA; White 
blood cells; and Zinc protoporphyrin. Salts, sugar, protein, 
fat, vitamins, and hormones naturally occurring in blood or 
interstitial ?uids may also constitute analytes in certain 
embodiments. The analyte may be naturally present in the 
biological ?uid, for example, a metabolic product, a hor 
mone, an antigen, an antibody, and the like. Alternatively, 
the analyte may be introduced into the body, for example, a 
contrast agent for imaging, a radioisotope, a chemical agent, 
a ?uorocarbon-based synthetic blood, or a drug or pharma 
ceutical composition, including but not limited to insulin; 
ethanol; cannabis (marijuana, tetrahydrocannabinol, hash 
ish); inhalants (nitrous oxide, amyl nitrite, butyl nitrite, 
chlorohydrocarbons, hydrocarbons); cocaine (crack 
cocaine); stimulants (amphetamines, methamphetamines, 
Ritalin, Cylert, Preludin, Didrex, PreState, Voranil, Sandrex, 
Plegine); depressants (barbituates, methaqualone, tranquil 
iZers such as Valium, Librium, MiltoWn, Serax, Equanil, 
Tranxene); hallucinogens (phencyclidine, lysergic acid, 
mescaline, peyote, psilocybin); narcotics (heroin, codeine, 
morphine, opium, meperidine, Percocet, Percodan, Tus 
sionex, Fentanyl, Darvon, TalWin, Lomotil); designer drugs 
(analogs of fentanyl, meperidine, amphetamines, metham 
phetamines, and phencyclidine, for example, Ecstasy); ana 
bolic steroids; and nicotine. The metabolic products of drugs 
and pharmaceutical compositions are also contemplated 
analytes. Analytes such as neurochemicals and other chemi 
cals generated Within the body may also be analyZed, such 
as, for example, ascorbic acid, uric acid, dopamine, norad 
renaline, 3-methoxytyramine (3MT), 3,4-dihydroxypheny 
lacetic acid (DOPAC), homovanillic acid (HVA), 5-hydrox 
ytryptamine (5HT), and 5-hydroxyindoleacetic acid 
(FHIAA). 

[0062] The term “continuous glucose sensor” as used 
herein is a broad term, and is to be given its ordinary and 
customary meaning to a person of ordinary skill in the art 
(and it is not to be limited to a special or customiZed 
meaning), and refers Without limitation to a device that 
continuously or continually measures glucose concentration, 
for example, at time intervals ranging from fractions of a 
second up to, for example, 1, 2, or 5 minutes, or longer. It 
should be understood that continuous glucose sensors can 
continually measure glucose concentration Without requir 
ing user initiation and/ or interaction for each measurement, 
such as described With reference to Us. Pat. No. 6,001,067, 
for example. 

[0063] The phrase “continuous glucose sensing” as used 
herein is a broad term, and is to be given its ordinary and 
customary meaning to a person of ordinary skill in the art 
(and it is not to be limited to a special or customiZed 
meaning), and refers Without limitation to the period in 
Which monitoring of glucose concentration is continuously 
or continually performed, for example, at time intervals 
ranging from fractions of a second up to, for example, 1, 2, 
or 5 minutes, or longer. 
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[0064] The term “biological sample” as used herein is a 
broad term, and is to be given its ordinary and customary 
meaning to a person of ordinary skill in the art (and it is not 
to be limited to a special or customiZed meaning), and refers 
Without limitation to a sample of a host body, for example, 
blood, interstitial ?uid, spinal ?uid, saliva, urine, tears, 
sWeat, tissue, and the like. 

[0065] The term “host” as used herein is a broad term, and 
is to be given its ordinary and customary meaning to a 
person of ordinary skill in the art (and it is not to be limited 
to a special or customiZed meaning), and refers Without 
limitation to plants or animals, for example humans. 

[0066] The term “biointerface membrane” as used herein 
is a broad term, and is to be given its ordinary and customary 
meaning to a person of ordinary skill in the art (and it is not 
to be limited to a special or customiZed meaning), and refers 
Without limitation to a permeable or semi-permeable mem 
brane that can include one or more domains and is typically 
constructed of materials of a feW microns thickness or more, 
Which can be placed over the sensing region to keep host 
cells (for example, macrophages) from gaining proximity to, 
and thereby damaging the membrane system or forming a 
barrier cell layer and interfering With the transport of glu 
cose across the tissue-device interface. 

[0067] The term “membrane system” as used herein is a 
broad term, and is to be given its ordinary and customary 
meaning to a person of ordinary skill in the art (and it is not 
to be limited to a special or customiZed meaning), and refers 
Without limitation to a permeable or semi-permeable mem 
brane that can be comprised of one or more domains and is 
typically constructed of materials of a feW microns thickness 
or more, Which may be permeable to oxygen and are 
optionally permeable to glucose. In one example, the mem 
brane system comprises an immobiliZed glucose oxidase 
enZyme, Which enables an electrochemical reaction to occur 
to measure a concentration of glucose. 

[0068] The term “domain” as used herein is a broad term, 
and is to be given its ordinary and customary meaning to a 
person of ordinary skill in the art (and it is not to be limited 
to a special or customiZed meaning), and refers Without 
limitation to regions of a membrane that can be layers, 
uniform or non-uniform gradients (for example, anisotro 
pic), functional aspects of a material, or provided as portions 
of the membrane. 

[0069] The term “copolymer” as used herein is a broad 
term, and is to be given its ordinary and customary meaning 
to a person of ordinary skill in the art (and it is not to be 
limited to a special or customiZed meaning), and refers 
Without limitation to polymers having tWo or more different 
repeat units and includes copolymers, terpolymers, tet 
rapolymers, and the like. 

[0070] The term “sensing region” as used herein is a broad 
term, and is to be given its ordinary and customary meaning 
to a person of ordinary skill in the art (and it is not to be 
limited to a special or customiZed meaning), and refers 
Without limitation to the region of a monitoring device 
responsible for the detection of a particular analyte. In one 
embodiment, the sensing region generally comprises a non 
conductive body, at least one electrode, a reference electrode 
and a optionally a counter electrode passing through and 
secured Within the body forming an electrochemically reac 



US 2007/0235331A1 

tive surface at one location on the body and an electronic 
connection at another location on the body, and a membrane 
system affixed to the body and covering the electrochemi 
cally reactive surface. In another embodiment, the sensing 
region generally comprises a non-conductive body, a Work 
ing electrode (anode), a reference electrode (optionally can 
be remote from the sensing region), an insulator disposed 
therebetWeen, and a multi-domain membrane affixed to the 
body and covering the electrochemically reactive surfaces of 
the Working and optionally reference electrodes. 

[0071] The term “electrochemically reactive surface” as 
used herein is a broad term, and is to be given its ordinary 
and customary meaning to a person of ordinary skill in the 
art (and it is not to be limited to a special or customiZed 
meaning), and refers Without limitation to the surface of an 
electrode Where an electrochemical reaction takes place. In 
one embodiment, a Working electrode measures hydrogen 
peroxide creating a measurable electronic current. 

[0072] The term “electrochemical cell” as used herein is a 
broad term, and is to be given its ordinary and customary 
meaning to a person of ordinary skill in the art (and it is not 
to be limited to a special or customiZed meaning), and refers 
Without limitation to a device in Which chemical energy is 
converted to electrical energy. Such a cell typically consists 
of tWo or more electrodes held apart from each other and in 
contact With an electrolyte solution. Connection of the 
electrodes to a source of direct electric current renders one 

of them negatively charged and the other positively charged. 
Positive ions in the electrolyte migrate to the negative 
electrode (cathode) and there combine With one or more 
electrons, losing part or all of their charge and becoming 
neW ions having loWer charge or neutral atoms or molecules; 
at the same time, negative ions migrate to the positive 
electrode (anode) and transfer one or more electrons to it, 
also becoming neW ions or neutral particles. The overall 
effect of the tWo processes is the transfer of electrons from 
the negative ions to the positive ions, a chemical reaction. 

[0073] The term “enzyme” as used herein is a broad term, 
and is to be given its ordinary and customary meaning to a 
person of ordinary skill in the art (and it is not to be limited 
to a special or customiZed meaning), and refers Without 
limitation to a protein or protein-based molecule that speeds 
up a chemical reaction occurring in a living thing. Enzymes 
may act as catalysts for a single reaction, converting a 
reactant (also called an analyte herein) into a speci?c prod 
uct. In one exemplary embodiment of a glucose oxidase 
based glucose sensor, an enZyme, glucose oxidase (GOX) is 
provided to react With glucose (the analyte) and oxygen to 
form hydrogen peroxide. 

[0074] The term “co-analyte” as used herein is a broad 
term, and is to be given its ordinary and customary meaning 
to a person of ordinary skill in the art (and it is not to be 
limited to a special or customiZed meaning), and refers 
Without limitation to a molecule required in an enZymatic 
reaction to react With the analyte and the enZyme to form the 
speci?c product being measured. In one exemplary embodi 
ment of a glucose sensor, an enZyme, glucose oxidase 
(GOX) is provided to react With glucose and oxygen (the 
co-analyte) to form hydrogen peroxide. 

[0075] The term “constant analyte” as used herein is a 
broad term, and is to be given its ordinary and customary 
meaning to a person of ordinary skill in the art (and it is not 
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to be limited to a special or customiZed meaning), and refers 
Without limitation to an analyte that remains relatively 
constant over a time period, for example over an hour to a 
day as compared to other variable analytes. For example, in 
a person With diabetes, oxygen and urea may be relatively 
constant analytes in particular tissue compartments relative 
to glucose, Which is knoWn to oscillate from about 40 to 
about 400 mg/dL during a 24-hour cycle. Although analytes 
such as oxygen and urea are knoWn to oscillate to a lesser 

degree, for example due to physiological processes in a host, 
they are substantially constant, relative to glucose, and can 
be digitally ?ltered, for example loW pass ?ltered, to mini 
miZe or eliminate any relatively loW amplitude oscillations. 
Constant analytes other than oxygen and urea are also 
contemplated. 

[0076] The term “proximal” as used herein is a broad term, 
and is to be given its ordinary and customary meaning to a 
person of ordinary skill in the art (and it is not to be limited 
to a special or customiZed meaning), and refers Without 
limitation to near to a point of reference such as an origin or 
a point of attachment. For example, in some embodiments of 
a membrane system that covers an electrochemically reac 
tive surface, the electrolyte domain is located more proximal 
to the electrochemically reactive surface than the resistance 
domain. 

[0077] The term “distal” as used herein is a broad term, 
and is to be given its ordinary and customary meaning to a 
person of ordinary skill in the art (and it is not to be limited 
to a special or customiZed meaning), and refers Without 
limitation to spaced relatively far from a point of reference, 
such as an origin or a point of attachment. For example, in 
some embodiments of a membrane system that covers an 

electrochemically reactive surface, a resistance domain is 
located more distal to the electrochemically reactive sur 
faces than the electrolyte domain. 

[0078] The terms “computer” or “computer system” as 
used herein are broad terms, and are to be given their 
ordinary and customary meanings to a person of ordinary 
skill in the art (and are not to be limited to a special or 
customiZed meaning), and refer Without limitation to a 
machine that can be programmed to manipulate data. 

[0079] The term “modem” as used herein is a broad term, 
and is to be given its ordinary and customary meaning to a 
person of ordinary skill in the art (and it is not to be limited 
to a special or customiZed meaning), and refers Without 
limitation to an electronic device for converting betWeen 
serial data from a computer and an audio signal suitable for 
transmission over a telecommunications connection to 
another modem. 

[0080] The terms “processor module” and “microproces 
sor” as used herein are broad terms, and are to be given their 
ordinary and customary meaning to a person of ordinary 
skill in the art (and they are not to be limited to a special or 
customiZed meaning), and refer Without limitation to a 
computer system, state machine, processor, or the like 
designed to perform arithmetic and logic operations using 
logic circuitry that responds to and processes the basic 
instructions that drive a computer. 

[0081] The term “ROM” as used herein is a broad term, 
and is to be given its ordinary and customary meaning to a 
person of ordinary skill in the art (and it is not to be limited 
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to a special or customized meaning), and refers Without 
limitation to read-only memory, Which is a type of data 
storage device manufactured With ?xed contents. ROM is 
broad enough to include EEPROM, for example, Which is 
electrically erasable programmable read-only memory 
(ROM). 
[0082] The term “RAM” as used herein is a broad term, 
and is to be given its ordinary and customary meaning to a 
person of ordinary skill in the art (and it is not to be limited 
to a special or customiZed meaning), and refers Without 
limitation to a data storage device for Which the order of 
access to different locations does not affect the speed of 
access. RAM is broad enough to include SRAM, for 
example, Which is static random access memory that retains 
data bits in its memory as long as poWer is being supplied. 

[0083] The term “A/D Converter” as used herein is a 
broad term, and is to be given its ordinary and customary 
meaning to a person of ordinary skill in the art (and it is not 
to be limited to a special or customiZed meaning), and refers 
Without limitation to hardWare and/ or softWare that converts 
analog electrical signals into corresponding digital signals. 

[0084] The term “RF transceiver” as used herein is a broad 
term, and is to be given its ordinary and customary meaning 
to a person of ordinary skill in the art (and it is not to be 
limited to a special or customiZed meaning), and refers 
Without limitation to a radio frequency transmitter and/or 
receiver for transmitting and/or receiving signals. 

[0085] The terms “raW data stream” and “data stream” as 
used herein are broad terms, and are to be given their 
ordinary and customary meaning to a person of ordinary 
skill in the art (and they are not to be limited to a special or 
customiZed meaning), and refer Without limitation to an 
analog or digital signal directly related to the analyte con 
centration measured by the analyte sensor. In one example, 
the raW data stream is digital data in “counts” converted by 
an A/D converter from an analog signal (for example, 
voltage or amps) representative of an analyte concentration. 
The terms broadly encompass a plurality of time spaced data 
points from a substantially continuous analyte sensor, Which 
comprises individual measurements taken at time intervals 
ranging from fractions of a second up to, for example, 1, 2, 
or 5 minutes or longer. In some embodiments, raW data 
includes one or more values (e.g., digital value) represen 
tative of the current ?oW integrated over time (e.g., inte 
grated value), for example, using a charge counting device, 
or the like. 

[0086] The term “counts” as used herein is a broad term, 
and is to be given its ordinary and customary meaning to a 
person of ordinary skill in the art (and it is not to be limited 
to a special or customiZed meaning), and refers Without 
limitation to a unit of measurement of a digital signal. In one 
example, a raW data stream measured in counts is directly 
related to a voltage (for example, converted by an A/D 
converter), Which is directly related to current from a 
Working electrode. 

[0087] The term “electronic circuitry” as used herein is a 
broad term, and is to be given its ordinary and customary 
meaning to a person of ordinary skill in the art (and it is not 
to be limited to a special or customiZed meaning), and refers 
Without limitation to the components (for example, hard 
Ware and/or softWare) of a device con?gured to process data. 
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In the case of an analyte sensor, the data includes biological 
information obtained by a sensor regarding the concentra 
tion of the analyte in a biological ?uid. U.S. Pat. Nos. 
4,757,022, 5,497,772 and 4,787,398, Which are hereby 
incorporated by reference in their entirety, describe suitable 
electronic circuits that can be utiliZed With devices of certain 
embodiments. 

[0088] The term “potentiostat” as used herein is a broad 
term, and is to be given its ordinary and customary meaning 
to a person of ordinary skill in the art (and it is not to be 
limited to a special or customiZed meaning), and refers 
Without limitation to an electrical system that applies a 
potential betWeen the Working and reference electrodes of a 
tWo- or three-electrode cell at a preset value and measures 
the current ?oW through the Working electrode. Typically, 
the potentiostat forces Whatever current is necessary to How 
betWeen the Working and reference or counter electrodes to 
keep the desired potential, as long as the needed cell voltage 
and current do not exceed the compliance limits of the 
potentiostat. 

[0089] The terms “operably connected” and “operably 
linked” as used herein are broad terms, and are to be given 
their ordinary and customary meaning to a person of ordi 
nary skill in the art (and they are not to be limited to a special 
or customiZed meaning), and refer Without limitation to one 
or more components being linked to another component(s) 
in a manner that alloWs transmission of signals betWeen the 
components. For example, one or more electrodes can be 
used to detect the amount of glucose in a sample and convert 
that information into a signal; the signal can then be trans 
mitted to an electronic circuit. In this case, the electrode is 
“operably linked” to the electronic circuit. These terms are 
broad enough to include Wired and Wireless connectivity. 

[0090] The term “smoothing” and “?ltering” as used 
herein are broad terms, and are to be given their ordinary and 
customary meaning to a person of ordinary skill in the art 
(and they are not to be limited to a special or customiZed 
meaning), and refer Without limitation to modi?cation of a 
set of data to make it smoother and more continuous and 
remove or diminish outlying points, for example, by per 
forming a moving average of the raW data stream. 

[0091] The term “algorithm” as used herein is a broad 
term, and is to be given its ordinary and customary meaning 
to a person of ordinary skill in the art (and it is not to be 
limited to a special or customiZed meaning), and refers 
Without limitation to the computational processes (for 
example, programs) involved in transforming information 
from one state to another, for example using computer 
processing. 

[0092] The term “regression” as used herein is a broad 
term, and is to be given its ordinary and customary meaning 
to a person of ordinary skill in the art (and it is not to be 
limited to a special or customiZed meaning), and refers 
Without limitation to ?nding a line in Which a set of data has 
a minimal measurement (for example, deviation) from that 
line. Regression can be linear, non-linear, ?rst order, second 
order, and so forth. One example of regression is least 
squares regression. 

[0093] The term “pulsed amperometric detection” as used 
herein is a broad term, and is to be given its ordinary and 
customary meaning to a person of ordinary skill in the art 
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(and it is not to be limited to a special or customized 
meaning), and refers Without limitation to an electrochemi 
cal ?oW cell and a controller, Which applies the potentials 
and monitors current generated by the electrochemical reac 
tions. The cell can include one or multiple Working elec 
trodes at different applied potentials. Multiple electrodes can 
be arranged so that they face the chromatographic ?oW 
independently (parallel con?guration), or sequentially 
(series con?guration). 
[0094] The term “calibration” as used herein is a broad 
term, and is to be given its ordinary and customary meaning 
to a person of ordinary skill in the art (and it is not to be 
limited to a special or customiZed meaning), and refers 
Without limitation to the relationship and/or the process of 
determining the relationship betWeen the sensor data and 
corresponding reference data, Which may be used to convert 
sensor data into meaningful values substantially equivalent 
to the reference. In some embodiments, namely in continu 
ous analyte sensors, calibration may be updated or recali 
brated over time if changes in the relationship betWeen the 
sensor and reference data occur, for example due to changes 
in sensitivity, baseline, transport, metabolism, or the like. 

[0095] The term “sensor analyte values” and “sensor data” 
as used herein are broad terms, and are to be given their 
ordinary and customary meaning to a person of ordinary 
skill in the art (and they are not to be limited to a special or 
customiZed meaning), and refer Without limitation to data 
received from a continuous analyte sensor, including one or 
more time-spaced sensor data points. 

[0096] The term “reference analyte values” and “reference 
data” as used herein are broad terms, and are to be given 
their ordinary and customary meaning to a person of ordi 
nary skill in the art (and they are not to be limited to a special 
or customiZed meaning), and refer Without limitation to data 
from a reference analyte monitor, such as a blood glucose 
meter, or the like, including one or more reference data 
points. In some embodiments, the reference glucose values 
are obtained from a self-monitored blood glucose (SMBG) 
test (for example, from a ?nger or forearm blood test) or an 
YSI (Yellow Springs Instruments) test, for example. 

[0097] The term “matched data pairs” as used herein is a 
broad term, and is to be given its ordinary and customary 
meaning to a person of ordinary skill in the art (and it is not 
to be limited to a special or customiZed meaning), and refers 
Without limitation to reference data (for example, one or 
more reference analyte data points) matched With substan 
tially time corresponding sensor data (for example, one or 
more sensor data points). 

[0098] The terms “interferants” and “interfering species” 
as used herein are broad terms, and are to be given their 
ordinary and customary meaning to a person of ordinary 
skill in the art (and are not to be limited to a special or 
customiZed meaning), and refer Without limitation to effects 
and/or species that interfere With the measurement of an 
analyte of interest in a sensor so as to produce a signal that 
does not accurately represent the analyte measurement. In 
one example of an electrochemical sensor, interfering spe 
cies are compounds With an oxidation potential that overlaps 
With that of the analyte to be measured, producing a false 
positive signal. In another example of an electrochemical 
sensor, interfering species are substantially non-constant 
compounds (eg the concentration of an interfering species 
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?uctuates over time). Interfering species include but are not 
limited to compounds With electroactive acidic, amine or 
sulfhydryl groups, urea, lactic acid, phosphates, citrates, 
peroxides, amino acids, amino acid precursors or break 
doWn products, nitric oxide (NO), NO-donors, NO-precur 
sors, acetaminophen, ascorbic acid, bilirubin, cholesterol, 
creatinine, dopamine, ephedrine, ibuprofen, L-dopa, methyl 
dopa, salicylate, tetracycline, tolaZamide, tolbutamide, trig 
lycerides, and uric acid electroactive species produced dur 
ing cell metabolism and/or Wound healing, electroactive 
species that arise during body pH changes and the like. 
Electroactive species that cause constant and/or non-con 
stant noise are included in the de?nitions of “interferants” 
and “interfering species”. 
[0099] The term “bifunctional” as used herein is a broad 
term, and is to be given its ordinary and customary meaning 
to a person of ordinary skill in the art (and it is not to be 
limited to a special or customiZed meaning), and refers 
Without limitation to having or serving tWo functions. For 
example, in a needle-type analyte sensor, a metal Wire is 
bifunctional because it provides structural support and acts 
as an electrical conductor. 

[0100] The term “function” as used herein is a broad term, 
and is to be given its ordinary and customary meaning to a 
person of ordinary skill in the art (and it is not to be limited 
to a special or customiZed meaning), and refers Without 
limitation to an action or use for Which something is suited 
or designed. 

[0101] The term “electrical conductor” as used herein is a 
broad term, and is to be given its ordinary and customary 
meaning to a person of ordinary skill in the art (and is not 
to be limited to a special or customiZed meaning) and refers 
Without limitation to materials that contain movable charges 
of electricity. When an electric potential difference is 
impressed across separate points on a conductor, the mobile 
charges Within the conductor are forced to move, and an 
electric current betWeen those points appears in accordance 
With Ohm’s laW. 

[0102] Accordingly, the term “electrical conductance” as 
used herein is a broad term, and is to be given its ordinary 
and customary meaning to a person of ordinary skill in the 
art (and is not to be limited to a special or customiZed 
meaning) and refers Without limitation to the propensity of 
a material to behave as an electrical conductor. In some 

embodiments, the term refers to a suf?cient amount of 
electrical conductance (e.g. material property) to provide a 
necessary function (electrical conduction). 
[0103] The terms “insulative properties, electrical insu 
lator” and “insulator” as used herein are broad terms, and are 
to be given their ordinary and customary meaning to a 
person of ordinary skill in the art (and is not to be limited to 
a special or customiZed meaning) and refers Without limi 
tation to the tendency of materials that lack mobile charges 
to prevent movement of electrical charges betWeen tWo 
points. In one exemplary embodiment, an electrically insu 
lative material may be placed betWeen tWo electrically 
conductive materials, to prevent movement of electricity 
betWeen the tWo electrically conductive materials. In some 
embodiments, the terms refer to a suf?cient amount of 
insulative property (eg of a material) to provide a necessary 
function (electrical insulation). The terms “insulator” and 
“non-conductive material” can be used interchangeably 
herein. 




































































































